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IMAGE FORMING APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to an image forming appa 
ratus such as a copying machine or a printer, and particularly 
to an apparatus for transferring an image on an image 
bearing member to a transfer material. 

[0003] 2. Description of Related Art 

[0004] FIG. 4 of the accompanying draWings shoWs an 
image forming apparatus Which is the background art of the 
present invention. 

[0005] This image forming apparatus has a plurality of 
photosensitive drums 111a, 111b, 111c and 111d as ?rst 
image bearing members corresponding to developers (ton 
ers) of the ?rst color: yelloW, the second color: magenta, the 
third color: cyan, and the fourth color: black, and an inter 
mediate transferring belt 101 as a second image bearing 
member, and the intermediate transferring belt 101 is in 
contact With each of the photosensitive drums 111a-111d in 
respective primary transferring parts. 

[0006] The photosensitive drums 111a-111d are disposed 
along the direction of movement of the intermediate trans 
ferring belt 101 in the order of the photosensitive drum 111a 
for the ?rst color (yelloW) located most upstream, the 
photosensitive drum 111b for the second color (magenta) 
located nearest to and doWnstream of the photosensitive 
drum 111a, the photosensitive drum 111c for the third color 
(cyan) located nearest to and doWnstream of the photosen 
sitive drum 111b, and the photosensitive drum 111d for the 
fourth color (black) located nearest to and doWnstream of 
the photosensitive drum 111c. 

[0007] Also, the intermediate transferring belt 101 is 
located at a predetermined process speed in synchronism 
With the photosensitive drums 111a-111a'. 

[0008] The photosensitive drums 111a, 111b, 111c and 
111d are uniformly charged by contact charging rollers 112a, 
112b, 112c and 112d, respectively, and electrostatic latent 
images are formed on the surfaces thereof by laser beams 
from scanners 113a, 113b, 113c and 113d modulated by an 
image information signal sent from a host computer. 

[0009] These electrostatic latent images reach portions 
opposed to developing devices 114a, 114b, 114c and 114d 
by the rotation of the photosensitive drums 111a-111a', and 
are supplied With toner charged to the same polarity (the 
minus polarity in this example) as that of the surfaces of the 
photosensitive drums 111a-111a', and are visualiZed thereby 
and become developer images (toner images). The devel 
oping devices 114a-114d provided for the respective pho 
tosensitive drums 111a-111d are of a tWo-component devel 
oping type, and perform their developing operation by a 
developing bias comprising an AC voltage superimposed on 
a DC voltage being applied thereto. 

[0010] The toner images formed on the respective photo 
sensitive drums 111a-111d are transferred onto the interme 
diate transfer belt 101 by a primary transferring bias being 
applied from primary transferring bias sources 116a, 116b, 
116c and 116d to primary transferring rollers 115a, 115b, 
115c and 115d, respectively, Which are in contact With the 
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back of the intermediate transferring belt 101, in respective 
primary transferring nips formed by and betWeen the inter 
mediate transferring belt 101 and the photosensitive drums 
111a-111a'. At a stage Whereat the intermediate transfer belt 
101 has passed the primary transferring nip betWeen it and 
the photosensitive drum 111d, the formation of a four-color 
image on the intermediate transferring belt 101 is termi 
nated, and a primary transferring step is completed. 

[0011] NeXt, a transfer material M is taken out of feeding 
means, not shoWn, and is inserted into a secondary trans 
ferring nip portion formed by a separation roller 101c and a 
secondary transferring roller 102 as a transferring member 
being brought into pressure contact With each other With the 
intermediate transferring belt 101 interposed therebetWeen. 
At this time, a bias opposite in polarity to the toners is 
applied to the secondary transferring roller 102 by a sec 
ondary transferring bias source 121, Whereby the toner 
image is secondary-transferred from the intermediate trans 
ferring belt 101 to the transfer material M. 

[0012] The transfer material M bearing the un?Xed toner 
image thereon and having left the secondary transferring nip 
portion arrives at a ?Xing apparatus 103, and is heated and 
pressuriZed thereby, Whereby a permanent ?Xed image is 
obtained. 

[0013] Each of the photosensitive drums 111a-111d has an 
outer diameter of 30.0 mm and has a layer having a 
photosensitive material applied thereto on an aluminum 
cylinder. 
[0014] The intermediate transferring belt 101, as shoWn in 
FIG. 2, is passed over three rollers contained in the inter 
mediate transferring belt 101, i.e., a drive roller 101a, a 
supporting roller 101b and a separation roller 101c. 

[0015] As the intermediate transferring belt 101, carbon is 
dispersed in polyimide and the surface resistivity ps thereof 
is adjusted to medium resistance of 1><1012 Q, Whereby 
charges added to the belt With the transferring step or the like 
can be attenuated Without providing any special residual 
charge eliminating mechanism. Also, the intermediate trans 
ferring belt 101 is a single-layer endless belt having a 
circumferential length of 1000 mm and a thickness of 100 
pm. 

[0016] Each of the drive roller 101a, the supporting roller 
101b and the separation roller 101c over Which the inter 
mediate transferring belt 101 is passed is a roller having an 
outer diameter of 29.8 mm and comprised of an aluminum 
mandrel having a diameter of 24.0 mm and an elastic layer 
having a layer thickness 2.9 mm. Also, the secondary 
transferring roller 102 is a roller having an outer diameter 
33.0 mm and comprised of an aluminum mandrel having a 
diameter of 14.0 mm and a rubber layer having a layer 
thickness of 9.5 mm, and the hardness of this roller is 26° 

(Asker-C). 
[0017] The intermediate transferring belt 101 in the 
present eXample is of a single-layer construction in Which 
Young’s modulus E is 6><109 N/m2. Also, the contact pres 
sure P [N/m2] of the secondary transferring roller 102 in the 
present eXample relative to the intermediate transferring belt 
101 is 3.3><104 N/m2. 

[0018] The contact pressure P is given as P=F/(L><W) from 
the lengthWise Width L of the secondary transferring 
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roller 102, the nip Width W between the intermediate 
transferring belt 101 and the secondary transferring roller 
102, and the contact force F [N] of the secondary transfer 
ring roller 102 relative to the intermediate transferring belt 
101. 

[0019] Also, the nip Width W Was obtained by applying 
ink to the intermediate transferring belt 101 and bringing the 
secondary transferring roller 102 into contact thereWith, and 
measuring the trace of the ink adhering to the secondary 
transferring roller 102. The nip Width W Was determined 
from the average of the Widths of the trace of the ink 
measured at ?ve points in total, i.e., the center of the roller, 
points of 50 mm from the center toWard the right and left 
lengthWise ends, and a point of 100 mm from the center 
toWard the right and left lengthWise ends. In the present 
example, L=0.30 m, F=50 N, and W=0.0050 m. 

[0020] In the above-described image forming apparatus of 
the electrophotographic type, the stabiliZation of the con 
veyance of the transfer material in the secondary transferring 
step is achieved by securing a Wide nip Width of 5.0 mm of 
the secondary transferring roller 102 by the use of a roller of 
loW hardness of 26° (Asker-C) as the secondary transferring 
roller 102, and prevents the occurrence of a faulty image 
attributable to the conveyance shock of the transfer material. 

[0021] On the other hand, a material of high hardness 
Which the Young’s modulus E is 6><109 N/m2 is used for the 
intermediate transferring belt 101 to thereby prevent the 
destruction of the belt due to the fracture thereof, thereby 
achieving an intermediate transferring belt having a long 
life. 

[0022] NoW, When the intermediate transferring belt 101 
of high hardness is used as described above, if a roller of loW 
hardness is used as the secondary transferring roller 102, the 
nip Width become liable to Widen and therefore, this has led 
to a case Where the contact pressure P of the secondary 
transferring roller 102 assumes a loW value and the color 
unevenness of an image attributable to the secondary trans 
ferring step is caused. 

[0023] This color unevenness caused during the secondary 
transferring step is considered to be attributable to the 
unevenness of the surface of the transfer material. 

[0024] That is, the surface of the transfer material M and 
the surface of the intermediate transferring belt 101 cannot 
uniformly contact With each other due to the unevenness of 
the surface of the transfer material M and the high hardness 
of the intermediate transferring belt 101 and therefore, 
depending on locations, air gaps eXist betWeen the surface of 
the transfer material M and the surface of the intermediate 
transferring belt 101. 

[0025] At locations Whereat air gaps eXist betWeen the 
toner layer on the intermediate transferring belt 101 and the 
surface of the transfer material, a transferring electric ?eld 
originally applied to only the toner layer is divided by an air 
layer, Whereby the electric ?eld applied to the toner layer is 
Weakened, and the amount of toners residual on the inter 
mediate transferring belt 101 becomes great. This is because 
unless the reversal of the polarity of the toners occurs, the 
amount of toners transferred from the intermediate transfer 
ring belt 101 to the transfer material M becomes greater 
When the transferring electric ?eld applied to the toner layer 
is greater. 
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[0026] It is considered that if as described above, the 
contact state betWeen the surface of the transfer material M 
and the surface of the intermediate transferring belt 101 is 
partly non-uniform, the untransferred toners also become 
non-uniform. The difference by the portions of the toners not 
secondary-transferred at this secondary transferring step is 
considered to be the cause of the occurrence of the uneven 
colors of an image. 

[0027] Consequently, in the above-described eXample, a 
roller of loW hardness is adopted as the secondary transfer 
ring roller 102, Whereby the contact pressure P assumes a 
loW value and it becomes difficult for the unevenness of the 
surface of the transfer material M to folloW the surface of the 
intermediate transferring belt 101, Whereby the contact state 
betWeen the surface of the transfer material M and the 
intermediate transferring belt 101 becomes non-uniform and 
the residual toners on the intermediate transferring belt 101 
also become non-uniform and therefore, the uneven colors 
are considered to occur. 

SUMMARY OF THE INVENTION 

[0028] It is an object of the present invention to provide an 
image forming apparatus Which prevents the deterioration of 
an image even if it uses an image bearing member of high 
hardness. 

[0029] It is another object of the present invention to 
provide an image forming apparatus Which is provided With 
an image bearing member bearing an image thereon, and a 
transferring member contacting With the image bearing 
member in a contact portion, and in Which the image on the 
image bearing member is transferred to a transfer medium in 
the contact portion by the transfer member, the Young’s 
modulus of the image bearing member is equal to or greater 
than 2><108 [N/m2] and equal to or less than 9><109 [N/m2], 
and the contact pressure betWeen the image bearing member 
and the transfer member in the contact portion is equal to or 
greater4 than 4.0><104 [N/m2] and equal to or less than 
73x10 [N/m2]. 
[0030] It is another object of the present invention to 
provide an image forming apparatus Which is provided With 
an image bearing member bearing an image thereon, and a 
transfer member contacting With the image bearing member 
in a contact portion, and in Which the image on the image 
bearing member is transferred to a transfer medium in the 
contact portion by the transfer member, the surface resistiv 
ity of the image bearing member is equal to or greater than 
1><108 and equal to or less than 1><1015 [Q], and the 
contact pressure betWeen the image bearing member and the 
transfer member in the contact portion is equal to or greater 
than 4.0><104 [N/m2] and equal to or less than 3x104 [N/m2] 

[0031] Further objects of the present invention Will 
become apparent from the folloWing description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] FIG. 1 shoWs an image forming apparatus Which is 
an embodiment of the present invention. 

[0033] FIG. 2 is a perspective vieW of a secondary trans 
ferring part. 

[0034] FIG. 3 shoWs a secondary transferring part in 
another embodiment. 
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[0035] FIG. 4 shows an image forming apparatus Which is 
the background art of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0036] An image forming apparatus Which is an embodi 
ment of the present invention Will hereinafter be described 
in detail With reference to the draWings. 

First Embodiment 

[0037] The construction of an image forming apparatus 
according to the present embodiment Will ?rst be described 
With reference to a schematic cross-sectional vieW of a 
full-color electrophotographic image forming apparatus 
shoWn in FIG. 1. 

[0038] The image forming apparatus has a plurality of 
photosensitive drums 11a, 11b, 11c and lid as ?rst image 
bearing members corresponding to color toners of a ?rst 
color: yelloW, a second color: magenta, a third color: cyan, 
and a fourth color: black, and an intermediate transferring 
belt 1 as a second image bearing member Which is in contact 
With the photosensitive drums 11a-11d in their respective 
primary transferring parts. 

[0039] The photosensitive drums 11a-11d are disposed 
along the direction of movement of the intermediate trans 
ferring belt 1 in the order of the photosensitive drum 11a for 
the ?rst color (yellow) located on the most upstream side, 
the photosensitive drum 11b for the second color (magenta) 
located nearest to and doWnstream of the photosensitive 
drum 11a, the photosensitive drum 11c for the third color 
(cyan) located nearest to and doWnstream of the photosen 
sitive drum 11b, and the photosensitive drum 11a' for the 
fourth color (black) located nearest to and doWnstream of 
the photosensitive drum 11c. 

[0040] Each of the photosensitive drums 11a-11d in the 
present embodiment has an outer diameter of 30.0 mm and 
has on an aluminum cylinder a layer having a photosensitive 
material applied thereto. 

[0041] As the intermediate transferring belt 1 Which is an 
image bearing member, use can be made of an elastomer 
sheet or the like having plural-layer structure comprising a 
resin layer formed as a mold releasing layer on the toner 
carrying member surface side of resin ?lm of urethane resin, 
?uorine resin, nylon resin, polyimide resin or the like, resin 
?lm consisting of one of these resins having carbon or 
electrically conductive poWder dispersed therein to thereby 
effect resistance adjustment, or a base layer sheet of urethane 
rubber, NBR or the like. 

[0042] The intermediate transferring belt 1 used in the 
present embodiment is one in Which carbon is dispersed in 
polyimide and surface resistivity ps has been adjusted to 
medium resistance of 1><1012 Q, and charges imparted to the 
intermediate transferring belt 1 at a transferring step or the 
like can be attenuated Without any special residual charge 
eliminating mechanism being provided. This intermediate 
transferring belt 1 is a single-layer endless belt having a 
circumferential length of 1000 mm and a thickness of 100 
pm. 

[0043] Surface resistivity measurement Was carried out by 
making electrically conductive rubber into an electrode in 
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conformity With Japanese Industrial Standard JIS-K6911 to 
thereby obtain a good contacting property betWeen the 
electrode and the surface of the belt, and in addition, using 
a super-high resistance ohmmeter (R8340 produced by 
Advantest Co.). Measurement conditions Were applied volt 
age 100 V and application time=30 s. 

[0044] Also, the Young’s modulus E of the intermediate 
transferring belt 1 in the present embodiment is high hard 
ness of 9><109 N/m2, Whereby the fracture or creep of the belt 
is prevented and a longer life is achieved. 

[0045] The measurement of the Young’s modulus Was 
based upon the tension elastic modulus measuring method of 
JIS-K7127, and the thickness of a measurement sample Was 
100 pm. 

[0046] The intermediate transferring belt 1 is endless as 
shoWn in FIG. 1, and is passed over three rollers contained 
in the intermediate transferring belt 1, i.e., a drive roller 1a, 
a supporting roller 1b and a separation roller 1c. The drive 
roller 1a, the supporting roller 1b and the separation roller 
1c are electrically grounded. The separation roller 1c is an 
opposed member (roller) opposed to a secondary transfer 
ring roller 2 With the intermediate transferring belt 1 inter 
posed therebetWeen, and supports the intermediate transfer 
ring belt 1. 

[0047] Each of the drive roller 1a, the supporting roller 1b 
and the separation roller 1c is a roller having an outer 
diameter of 29.8 mm and comprised of an aluminum man 
drel having a diameter of 24.0 mm and a hydrin rubber layer 
having a layer thickness of 2.9 mm, and the roller resistance 
value thereof, is rendered into 1><106 Q by the hydrin rubber 
being resistance adjusted. 

[0048] The roller resistance value Was measured With the 
roller Which is the object of measurement brought into 
contact With an aluminum cylinder having a diameter of 30 
mm and being driven to rotate relative to the aluminum 
cylinder, and by using a super-high resistance ohmmeter 
(R8340 produced by Advantest Co.). Measurement condi 
tions Were applied voltage=100 V, application time=30 s, 
contacting force=9.8 N, and rotational peripheral velocity= 
117 mm/s. 

[0049] The intermediate transferring belt 1 is rotated in 
synchronism With the photosensitive drums 11a-11d at a 
predetermined process speed (in the present embodiment, 
117 mm/s) by the drive roller 1a. The photosensitive drums 
11a-11d are uniformly charged by respective contact charg 
ing rollers 12a, 12b, 12c and 12d, and electrostatic latent 
images are formed thereon by laser beams from respective 
scanners 13a, 13b, 13c and 13d modulated by an image 
information signal transmitted from a host computer. 

[0050] The intensity and application spot diameter of the 
laser beams are set properly by the resolution and desired 
image density of the image forming apparatus, and the 
electrostatic latent images on the photosensitive drums 11a 
11a' are formed by portions to Which the laser beams are 
applied being held at light portion potential VL (about 
—150V), and portions Which are not so being held at dark 
portion potential VD (about —650V) charged by the respec 
tive contact charging rollers 12a-12d Which are primary 
chargers. 
[0051] The electrostatic latent images reach portions 
opposed to respective developing devices 14a-14d by the 
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rotation of the respective photosensitive drums 11a-11a', and 
are supplied With developers (toners) charged to the same 
polarity (in the present embodiment, the minus polarity) as 
the surfaces of the photosensitive drums and are visualiZed 
thereby, and developer images (toner images) are formed on 
the photosensitive drums. 

[0052] The developing devices 14a-14d in the present 
embodiment are developing apparatuses adopting a tWo 
component developing process. Also, a developing bias in 
the present embodiment is a bias voltage comprising an AC 
voltage superimposed on a DC voltage of a DC compo 
nent=—400 V, an AC component=1.5 kv a frequency=3 
kHZ and a Waveform=rectangular Wave. 

[0053] The toner images formed on the photosensitive 
drums Ila-11d are transferred onto the intermediate trans 
ferring belt 1 by a primary transferring bias (in the present 
embodiment, constant current control of +15 pA) being 
applied from primary transferring bias sources 16a-16d to 
primary transferring rollers 15a, 15b, 15c and 15d, respec 
tively, Which are in contact With the back of the intermediate 
transferring belt 1 at respective primary transferring nips 
20a-20a' Which are proximate or contact portions betWeen 
the intermediate transferring belt 1 and the photosensitive 
drums 11a-11a'. At a stage Whereat the intermediate trans 
ferring belt 1 has passed the primary transferring nip 20d 
With the photosensitive drum 11d, the formation of a four 
color image on the intermediate transferring belt 1 is termi 
nated, and the primary transferring step is completed. 

[0054] On the other hand, the surfaces of the photosensi 
tive drums Ila-11d from Which the primary transfer of the 
toner images has been terminated are cleaned by primary 
untransferred toners, etc. being removed by drum cleaning 
devices 17a, 17b, 17c and 17d comprising urethane rubber 
blades, and become ready for the next image forming step. 

[0055] Next, a transfer material (recording material) M 
Which is a transfer medium is taken out of feeding means, 
not shoWn, and the transfer material M is inserted into a 
secondary transferring nip part 22 by the separation roller 1c 
and the secondary transferring roller 2 as a transfer member 
being brought into pressure contact With each other With the 
intermediate transferring belt 1 interposed therebetWeen. 
The reference numeral 23 designates pressing means such as 
a spring, and the secondary transferring roller 2 presses the 
separation roller 1c by this pressing means 23 With the belt 
1 interposed therebetWeen. The secondary transferring nip 
part 22 is a contact portion in Which the intermediate 
transferring belt 1 and the secondary transferring roller 2 
contact With each other. 

[0056] At this time, a bias opposite in polarity to the toners 
(in the present embodiment, constant current control of +30 
MA) is applied to the secondary transferring roller 2 by a 
secondary transferring bias source 21, and the toner image 
is secondary-transferred from the intermediate transferring 
belt 1 to the transfer material M. 

[0057] The transfer material M bearing the un?xed toner 
image thereon Which has passed through the secondary 
transferring nip part 22 reaches a ?xing device 3, and is 
heated and pressuriZed, Whereby a permanent ?xed image is 
obtained. The surface of the intermediate transferring belt 1 
from Which the toner image has been transferred to the 
transfer material M has any secondary-untransferred toners 
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thereon removed by an intermediate transferring member 
cleaner 4 having a cleaning blade made of urethane rubber. 

[0058] As described above, the intermediate transferring 
belt 1 used in the present embodiment is one in Which carbon 
is dispersed in polyimide to thereby adjust the surface 
resistivityps ps to medium resistance of 1><1012 Q, and 
charges imparted to the belt 1 at the transferring step or the 
like can be attenuated Without any special residual charge 
eliminating mechanism being provided, and the Young’s 
modulus E is high hardness of 9><109 N/m2, Whereby the 
fracture or creep of the belt is prevented and a longer life is 
achieved. 

[0059] The secondary transferring roller 2 in the present 
embodiment is a roller having an outer diameter of 22.0 mm 
comprised of an aluminum mandrel having a diameter of 
14.0 mm and a foamed hydrin rubber layer having a layer 
thickness of 4 mm, and hydrin rubber is resistance-adjusted 
to thereby render the roller resistance value into 1><108 Q. 
Also, as the secondary transferring roller 2, use is made of 
a roller of someWhat loW hardness of 35° (Asker-C), and the 
nip Width of the secondary transferring roller 2 is Widened 
to thereby prevent a faulty image attributable to the con 
veyance shock of the transfer material. 

[0060] That is, the image forming apparatus according to 
the present embodiment uses image bearing members of 
high hardness and a transfer member of loW hardness, and 
improves the performance of the conveyability of the trans 
fer material and realiZes a longer life, but as described in 
connection With the background art, such as image forming 
apparatus having the transfer member of loW hardness and 
the image bearing members of high hardness becomes loW 
in the contact pressure of the transfer member and therefore 
is liable to cause the color unevenness of an image. 

[0061] In the present embodiment, the contact pressure P 
[N/m2] of the secondary transferring roller 2 against the 
intermediate transferring belt 1 is 4.8><104 N/m2. The contact 
pressure P is given as P=F/(L><W) from the lengthWise Width 
L of the secondary transferring roller 2, the nip Width W 
[m] betWeen the intermediate transferring belt 1 and the 
secondary transferring roller 2 and the contacting force F 
[N] of the secondary transferring roller 2 against the inter 
mediate transferring belt 1 (see FIG. 2). 
[0062] Also, the nip Width W is obtained by applying ink 
to the intermediate transferring belt 1 and bringing the 
secondary transferring roller 2 into contact thereWith, and 
measuring the trace of the ink adhering to the secondary 
transferring roller 2. As the measuring method, the nip Width 
W Was determined from the average of the measurements of 
the Width of the ink trace at ?ve points in total, i.e., the center 
of the roller, points of 50 mm from the center toWard the 
right and left lengthWise ends, and points of 100 mm from 
the center toWard the right and left lengthWise ends. In the 
present embodiment, L Was set to L=0.30 m, F Was set to 
F=80 N, and W Was 0.0056 In 

[0063] Here, an effect in the present embodiment is con 
?rmed by Experimental Examples 1 to 7 in Which various 
conditions Were changed. Experimental Examples 1 to 7 are 
ones in Which the contact pressure P [N/m2] of the secondary 
transferring roller against the intermediate transferring belt 
and the numerical value of the Young’s modulus of the 
intermediate transferring belt Were changed. Experimental 
Example 4 is the present embodiment (the ?rst embodi 
ment). 
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[0064] The contact pressure P Was changed from 2.7><104 
to 8.0><104 [N/m2]. The contact pressure P Was changed by 
changing the contacting force F [N] from 30 to 100 [N], and 
further changing the material hardness of the rubber layer of 
the secondary transferring roller, and changing the nip Width 
W by the use of tWo levels of roller hardness, i.e., 35° and 
49° (Asker-C). 

[0065] Table 1 beloW shoWs a list of the setting of the 
contacting force F, the nip Width W and the secondary 
transferring roller hardness corresponding to the contact 
pressure P in the respective experimental examples. These 
numerical values Were measured by the measuring method 
in the above-described ?rst embodiment. 
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having surface resistivity ps of 1><1012 Q on the toner 
bearing surface side and having a circumferential length of 
1000 mm and a thickness of 500 pm by dispersing carbon to 
thereby adjust the volume resistivity of NBR to 1><106 Q-cm, 
and coating NBR With urethane resin having volume resis 
tivity of 1><109 Q-cm to 30 pm. 

[0070] In each experimental example, the dependency of 
the quality of image on the contact pressure P and the 
Young’s modulus E Was studied. Table 2 beloW shoWs the 
result of the comparative studies of images about Experi 
mental Examples 1 to 7. 

TABLE 2 

Result of Evaluation of the Quality of Image 
TABLE 1 (Color Uneveness Level/Hollow Character Level) 

Secondary Trans- Contact Young’s Modulus [N/m2] of Intermediate 
ferring Roller Contacting Transferring Contact Pressure Tran ferrl'ng Belt 
Hardness [O] Force Nip Width Pressure 
(Asker-C) F [N] W [mm] P [N/m2] P [N/m2] 4 x 106 2 x 108 2 x 109 9 x 109 

Experimental 35 30 3-4 2-7 X 104 Experimental 2.7 X 104 A/@ X/o X/o X/o 
Example 1 Example 1 
Experimental 35 50 4.5 3-5 X 104 Experimental 3.5 X 104 0/0 0/0 0/0 X/o 
Example 2 Example 2 
Experimental 35 60 5-0 4-0 X 104 Experimental 4.0 X 104 0/0 0/0 0/0 A/@ 
Example 3 Example 3 
Experimental 35 80 5.6 4.8 X 104 Experimental 4.8 X 104 0/0 0/0 0/0 0/0 
Example 4 Example 4 
Experimental 49 70 4.0 6-2 X 104 Experimental 6.2 X 104 0/0 0/0 0/0 0/0 
Example 5 Example 5 
Experimental 49 90 4.8 7-3 X 104 Experimental 7.3 x 104 0/0 o/A o/A o/A 
Example 6 Example 6 
Experimental 49 100 5.1 8.0 x 104 Experimental 80 X 104 0/0 @/X @/X @/X 
Example 7 Example 7 

[0066] On the other hand, in these conditions, the Young’s 
modulus of the intermediate transferring belt Was changed 
from 4><106 to 9><109 [N/m2] by changing the material of the 
intermediate transferring belt. 

[0067] In respective ones of Experimental Examples 1 to 
7, as the above-described intermediate transferring belt, 
there Were mounted (1) one having a Young’s modulus E of 
9><109 N/m2 in Which carbon Was dispersed in polyimide, (2) 
one using a material of polyvinylidene ?uoride (PVDF) 
having a Young’s modulus of 2><108 N/m2, and (3) one using 
a material of polyether sulfon (PES) having a Young’s 
modulus of 2><109 N/m2. 

[0068] In addition, particularly about a belt material of 
loW Young’s modulus, the expansion and contraction or 
creep of the belt occurs to a single layer, Whereby image 
magni?cation is unstable and the belt is Weak to fracture and 
the life thereof is short, Whereby the belt does not satisfy the 
function as the intermediate transferring belt and therefore, 
(4) a belt made into tWo-layer structure by spray-coating a 
rubber sheet of NBR having a thickness of 3 mm With 
urethane resin (urethane resin coat) Was used and mounted 
in respective image forming apparatuses. The Young’s 
modulus of the urethane resin layer is 4><106 N/m2. 

[0069] The PVD belt under item (2) and the PES belt 
under item (3) Were formed into single-layer endless belts 
having a circumferential length of 1000 mm and a thickness 
of 100 pm by dispersing carbon to thereby adjust the surface 
resistivity ps to ps=1><1012 Q. Also, the urethane resin coat 
belt under item (4) Was formed into a tWo-layer endless belt 

[0071] The evaluation of the image color unevenness level 
in Table 2 Was effected by evaluating the color unevenness 
of a blue (magenta and cyan) solid image, and the evaluation 
of the holloW character image (characters having a White 
part at the center of the character) level Was effected by 
evaluating the middle blank of a blue (magenta and cyan) 
line image having a Width of 2 mm. The judgment of the 
above-described image color unevenness level and holloW 
character image (characters having a White part at the center 
of the character) level Was done by visual organic evalua 
tion, and judgment standards Were: o=n0 occurrence; A=a 
level practically posing no problem; and X=a clearly seen 
level. 

[0072] According to the present studies, the image color 
unevenness becomes better When the contact pressure P is 
increased, but the higher Was the contact pressure P, the 
more Was seen the occurrence of a holloW character image. 
Also, the higher Was the Young’s modulus E, the more Was 
aggravated the image color unevenness. 

[0073] Here, description Will be made of phenomena 
called the image color unevenness and the holloW character 
image. 
[0074] (1) Image Color Unevenness: The image color 
unevenness is a phenomenon remarkably observed in solid 
images chie?y of secondary colors such as blue, red and 
green. For example, in blue, magenta and cyan toner images 
are in a state in Which the cyan toner is superposed on the 
magenta toner, on the intermediate transferring belt. 

[0075] The cyan toner superposed on the magenta toner is 
substantially uniformly transferred onto the transfer material 
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because the magenta toner acts as spacer particles for the 
intermediate transferring belt. On the other hand, the 
magenta toner underlying the cyan toner on this intermediate 
transferring belt partly remains on the intermediate trans 
ferring belt at the secondary transferring step due to the 
adhering force betWeen the magenta toner and the interme 
diate transferring belt. 

[0076] If this residual magenta toner becomes non-uni 
form depending on locations, cyan is substantially uniform 
in the ?nal blue solid image on the transfer material, Whereas 
magenta becomes non-uniform. Accordingly, an area of a 
color near to cyan exists in the blue solid image and it is seen 
as color unevenness. 

[0077] That is, the image color unevenness is the phenom 
enon that of toner images of a plurality of colors superposed 
and formed on the intermediate transferring belt, only a 
toner image of a color adjacent to the surface side is partly 
transferred to the transfer material, and this becomes color 
unevenness. 

[0078] The inventor thinks as folloWs about the mecha 
nism of the dependency of this color unevenness on the 
contact pressure P. 

[0079] The cause of the occurrence of the color uneven 
ness is considered to reside in that due to the unevenness of 
the surface of the transfer material, the surface of the transfer 
material and the surface of the intermediate transferring belt 
cannot come into close contact With each other, and depend 
ing on locations air gaps eXist betWeen the surface of the 
transfer material and the surface of the intermediate trans 
ferring belt. 

[0080] Unless the reversal of the polarity of the toners 
occurs, the amount of toners transferred from the interme 
diate transferring belt to the transfer material becomes 
greater When the transferring electric ?eld applied to the 
toner layer is greater. 

[0081] At a location Whereat the contact betWeen the 
surface of the transfer material and the surface of the 
intermediate transferring belt is bad and an air gap eXists 
betWeen the toner layer on the intermediate transferring belt 
and the surface of the transfer material, the transferring 
electric ?eld originally applied to only the toner layer is 
divided by the air layer, Whereby the electric ?eld applied to 
the toner layer is Weakened, and the amount of toners 
residual on the intermediate transferring belt becomes great. 
Thereby, the contact state betWeen the surface of the transfer 
material and the surface of the intermediate transferring belt 
becomes non-uniform depending on locations, Whereby the 
untransferred toners are also considered to become non 
uniform. 

[0082] Consequently, in the present embodiment, the con 
tact pressure P is increased to crush the unevenness of the 
surface of the transfer material M to thereby uniformiZe the 
contact state betWeen the surface of the transfer material M 
and the surface of the intermediate transferring belt and 
uniformiZe the residual toners on the intermediate transfer 
ring belt 1, Whereby the color unevenness is improved. 

[0083] Also the inventor thinks as folloWs about the 
mechanism of the dependency of the color unevenness on 
the Young’s modulus E. 
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[0084] The cause of the occurrence of the color uneven 
ness, as described above, is considered to reside in that due 
to the unevenness of the surface of the transfer material, the 
surface of the transfer material and the surface of the 
intermediate transferring belt cannot uniformly come into 
close contact. 

[0085] When the Young’s modulus of the intermediate 
transferring belt is high, the surface of the intermediate 
transferring belt does not folloW the unevenness of the 
surface of the transfer material because the surface of the 
intermediate transferring belt is hard and therefore, an air 
gap is formed betWeen the toner layer on the intermediate 
transferring belt and the surface of the transfer material in a 
Wider area. Thus, it is considered that if the Young’s 
modulus of the intermediate transferring belt is higher, the 
color unevenness is aggravated. 

[0086] (2) HolloW Characters Image: The holloW charac 
ter image is a phenomenon remarkably observed line images 
chie?y of secondary colors such as blue, red and green. 

[0087] The magenta and cyan toner images constituting 
blue are in a state in Which the cyan toner is superposed on 
the magenta toner, on the intermediate transferring belt. If at 
the secondary transferring step, of the magenta toner under 
lying the cyan toner on this intermediate transferring belt, 
chie?y the central portion of the line image is residual on the 
intermediate transferring belt, Whereby in the ?nal line 
image on the transfer material, the cyan toner is substantially 
uniform, Whereas the magenta toner becomes little at the 
central portion of the line. Thus, an area of a color near to 
cyan eXists in the central portion of the blue line image, and 
the central portion of the line image is seen as a blank. This 
phenomenon is the center blank image. 

[0088] The reason Why the amount of residual toners is 
particularly great in the central portion of the line image is 
considered to be that When the toners are compressed by the 
pressure in the nip betWeen the transfer material and the 
intermediate transferring belt, pressure is most applied to the 
central portion of the line and the adhering force betWeen the 
toners in the central portion becomes particularly high. 

[0089] The mechanism of the dependency of the center 
blank image on the contact pressure is considered as folloWs. 
The cause of the occurrence of the center blank image 
resides in that the toners are compressed by the pressure in 
the nip betWeen the transfer material and the intermediate 
transferring belt, Whereby the adhering force betWeen the 
toners is increased, and it is considered that as the contact 
pressure becomes great, the adhering force betWeen the 
toners is increased, Whereby the center blank image level is 
aggravated. 
[0090] To adopt a material of loW Young’s modulus for the 
intermediate transferring belt, it is necessary to adopt a 
plural-layer construction, and this complicates the belt 
manufacturing process and results in the high cost of the 
belt. 

[0091] Consequently, in the present invention, for a longer 
life and loWer costs, use is made of an intermediate trans 
ferring belt of high hardness, and the present invention is 
characteriZed in that Without the Young’s modulus E of the 
intermediate transferring belt being loWered, the contact 
pressure is adjusted to an appropriate value to thereby 
prevent the color unevenness and center blank phenomena 
described above. 
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[0092] Accordingly, from the result of the comparative 
studies shown in Table 2, the inventor has been able to 
con?rm that Experimental Examples 3 to 6 are effective 
against the color unevenness and the center blank, and the 
contact pressure P is set to the image of 4.0X104§P [N/m2] 
§7.3X104, and this is effective to loWer the occurrence 
levels of the color unevenness and center blank image and 
prevent a faulty image When the Young’s modulus of the 
intermediate transferring belt 1 is 2X108§E [N/m2]§9X109. 

[0093] Consequently, in the present embodiment, setting 
is made such that the Young’s modulus E of the intermediatze 
transferring belt 1 is Within the range of 2X108§E [N/m ] 
§9X109 and the contact pressure P is Within the range of 
4.0X104§P [N/m2]§7.3X104. 
[0094] Thus, the present embodiment can achieve a long 
life and loW costs by using an intermediate transferring belt 
of high hardness of Which the Young’s modulus E is 108§E 
[N/m2]§9X109, and even if this intermediate transferring 
belt of high hardness is used, a faulty image such as the color 
unevenness or the center of blank can be prevented by 
setting the contact pressure P betWeen the intermediate 
transferring belt and the transferring member to the range of 
4.0X104§ P [N/m2] é 7.3X104. 

Second Embodiment 

[0095] A second embodiment of the present invention Will 
noW be described. This embodiment is basically similar in 
construction to the ?rst embodiment, and portions thereof 
differing from those of the ?rst embodiment Will hereinafter 
be described. 

[0096] As shoWn in FIG. 4, in the present embodiment, as 
an intermediate transferring belt 24, use is made of a 
single-layer endless belt having a circumferential length of 
1000 mm and a thickness of 100 pm in Which carbon is 
dispersed in polyimide and both of a toner bearing surface 
side andlza back side are adjusted to surface resistivity 
ps=1X10 Q. 

[0097] Also, the Young’s modulus E of the intermediate 
transferring belt 24 is 9X109 N/m2. 
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[0098] The contact pressure P [N/m2] of the secondary 
transferring roller 2 against the intermediate transferring belt 
24 is 4.8X104 N/m2 as in the ?rst embodiment. 

[0099] As Experimental Examples 8 to 14, the contact 
pressure of the secondary transferring roller against the 
intermediate transferring belt and the surface resistivity of 
the intermediate transferring belt Were changed. The contact 
pressure Was changed from 2.7X104 to 8.0X104 N/m2. 
Experimental Example 11 is the present embodiment (the 
second embodiment). 
[0100] In the respective experimental examples, as in the 
case of Experimental Examples 1 to 7, the contacting force 
F [N] Was changed from 30 to 100 [N] and further, the 
material hardness of the rubber layer of the secondary 
transferring roller 2 Was changed to thereby use tWo levels 
35° and 49° (Asker-C) as the roller hardness, thereby 
adjusting the contact pressure P. 

[0101] Also, the amount of carbon dispersed in polyimide 
Was adjusted to thereby change the surface resistivity ps of 
the intermediate transferring belt from 1X106 to equal to or 
greater than 1X1015 Q. 

[0102] The intermediate transferring belt of Which the 
surface resistivity ps is “equal to or greater than 1X1015 Q” 
has surface resistivity of equal to or greater than 1X1015 Q 
Which is the measurement limit by the background noise of 
the above-described surface resistivity measuring system 
and therefore, here it is expressed as equal to or greater than 
1X1015 Q. The measurement of the surface resistivity Was 
effected by the method described in the ?rst embodiment. 

[0103] The intermediate transferring belt in each experi 
mental example Was a single-layer endless belt having a 
circumferential length of 1000 mm and a thickness of 100 
pm as in the present embodiment. 

[0104] In Experimental Examples 8 to 14, the dependency 
of the quality of image on the contact pressure P and on the 
surface resistivity ps Was studied. The result of the com 
parative studies of an image about the respective experi 
mental examples is shoWn in Table 3 beloW. 

TABLE 3 

Result of Evaluation of Quality of Image 
(Color Unevenness Level/Hollow Charcater Level) 

Surface Resistivity ps [9] 

Equal to or 
Contact to or great 
Pressure er than 

P [N/m2] 1 X 106 1 X 108 1 X 1010 1 X 1012 1 X 1014 1 X 1016 

Experimental 2.7X1O4 X/o X/o X/o X/o X/o o/o 
Example 8 
Experimental 3.5X1O4 X/o X/o X/o X/o A/o o/o 
Example 9 
Experimental 4.0X1O4 A/o 0/0 0/0 0/0 0/0 0/0 
Example 10 
Experimental 4.8X1O4 A/o 0/0 0/0 0/0 0/0 0/0 
Example 11 
Experimental 6.2X1O4 o/X 0/0 0/0 0/0 0/0 0/0 
Example 12 
Experimental 7.3X1O4 o/A o/A o/A o/A o/A o/o 
Example 13 
Experimental 8.0X104 o/X o/X o/X o/X o/X o/X 
Example 14 
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[0105] According to the present studies, the color uneven 
ness became good When the contact pressure Was increased, 
and the higher Was the surface resistivity ps of the interme 
diate transferring belt, the better became the color uneven 
ness. 

[0106] Also, in an intermediate transferring belt of 1><106 
Q, it never happened that even if the contact pressure Was 
increased, good color unevenness and holloW characters 
Were compatible. 

[0107] An intermediate transferring belt of equal to or 
greater than 1><1015 Q is great in the time constant of charge 
attenuation and charges imparted to the surface thereof are 
residual thereon and therefore, during image forming, a 
corona charger, not shoWn, Was installed at a location on the 
intermediate transferring belt doWnstream of the cleaning 
blade 4 and upstream of the photosensitive drum 11a for the 
?rst color, and an image forming Was effected While apply 
ing an AC bias of 10 kVpp, 1 kHZ and sine Wave to thereby 
eliminate the residual charges on the intermediate transfer 
ring belt. 

[0108] The judgment of the image color unevenness and 
center blank image levels in Table 3 Was effected in a 
manner similar to that described in the ?rst embodiment. 
The inventor thinks as folloWs about the mechanism of the 
dependency of the color unevenness on the surface resistiv 
ity ps. 

[0109] The cause of the occurrence of the color uneven 
ness is considered to be that the amount of toners residual on 
the intermediate transferring belt is great at locations 
Whereat due to the unevenness of the surface of the transfer 
material, the surface of the transfer material and the surface 
of the intermediate transferring belt cannot uniformly come 
into close contact With each other and air gaps exist betWeen 
the surface of the transfer material and the surface of the 
intermediate transferring belt. 

[0110] By heightening the surface resistivity ps, the dif 
ference in the transferring electric ?eld applied to the toner 
layer in areas Wherein the air gaps exist and areas Wherein 
the air gaps do not exist can be made small, and the 
difference in the amount of untransferred toners in the areas 
Wherein the air gaps exist and the areas Wherein the air gaps 
do not exist can be made small. Thereby, the residual tones 
on the intermediate transferring belt become uniform and the 
color unevenness is improved. 

[0111] From the above-described result of the comparative 
studies, the inventor has been able to con?rm that Experi 
mental Examples 10 to 13 are effective for the color uneven 
ness and the center blank and in a case Where the surface 
resistivity ps of the intermediate transferring belt is 
1><108§ps§1><1015, the occurrence level of the color 
unevenness and the center blank image can be rendered into 
a level Which practically poses no problem, by setting the 
contact pressure P [N/m2] to the range of 4.0><104§P§7.3>< 
104, Without having any special residual charge eliminating 
device for the intermediate transferring belt. 

[0112] Consequently, in the present embodiment, setting is 
done such that the surface resistivity ps of the interme 
diate transferring belt 24 is 1x108§ps§ 1><1015 and the 
contact pressure P [N/m2] is Within the range of 4.0x 
104§P§7.3><104. 
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[0113] As described in the ?rst embodiment, again in the 
present embodiment, the occurrence of the color unevenness 
and the center blank can be suppressed even if the Young’s 
modulus E of the intermediate transferring belt is high 
hardness of 2x108§E§9><109. 

[0114] While in the above-described embodiments, the 
intermediate transferring belt has been described With 
respect to a single-layer one, the present invention is also 
applicable to an intermediate transferring belt having a 
plurality of layers having a Young’s modulus of high hard 
ness on at least the surface layer thereof adjacent to the 
transferring member. 
[0115] While in the aforedescribed embodiments, a color 
laser printer having photosensitive members Which are 
image bearing members for four colors has been described 
by Way of example as the image forming apparatus, the 
present invention is not restricted thereto, but may be an 
image forming apparatus such as facsimile apparatus or a 
cpopying machine, and the number of the photosensitive 
mebers may be one. The present invention is nor restricted 
to a color image forming apparatus, but is also applicable to 
an apparatus having a single image bearing member and 
effecting single-color image formation. 
[0116] Also, While in the aforedescribed embodiments, 
description has been made of a case Where an intermediate 
transferring belt is utiliZed as an image bearing member, a 
secondary transferring roller is utiliZed as a transfer member 
for transferring a formed image to a transfer material, and 
the image is secondary-transferred from the intermediate 
transferring belt to the transfer material, the present inven 
tion is not restricted thereto, but may also be applied to a 
transfer member utiliZing a photosensitive drum or a pho 
tosensitive belt as an image bearing member, and transfer 
ring a formed image to other medium such as atransfer 
material or an intermediate transferring member. Accord 
ingly, the present invention can also be applied in an image 
forming apparatus provided With no intermediate transfer 
ring member. 
[0117] As described in the ?rst embodiment and the sec 
ond embodiment, there can be provided an image forming 
apparatus in Which the contact pressure P [N/m2] betWeen a 
transfer member such as a transferring roller and an image 
bearing member such as an intermediate transferring belt is 
set to 4.0><10“§P§7.3><104 to thereby prevent color uneven 
ness and holloW characters even if use is made of an image 
bearing member of a long life and loW costs and a transfer 
ring member of loW hardness. In this case, the center blank 
and the color unevenness can be prevented even if the 
surface resistance of the image bearing member is relatively 
high. 
[0118] As described above, the image forming apparatus 
of the present invention enables an image bearing member 
and a transfer member to be applied thereto in a Wide range, 
and the present invention can provide an image forming 
apparatus of loW costs and a long life Which prevents the 
image color unevenness and the image holloW character in 
the image forming process even if use is made of an image 
bearing member of high hardness. 
[0119] While the embodiments of the present invention 
have been described above, the present invention is in no 
Way restricted to the above-described embodiments, and all 
modi?cations are possible Within the technical idea of the 
present invention. 
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What is claimed is: 
1. An image forming apparatus comprising: 

an image bearing member bearing an image thereon; and 

a transfer member contacting With said image bearing 
member in a contact portion; 

Wherein the image on said image bearing member is 
transferred to a transfer medium in said contact portion 
by said transfer member, a Young’s modulus of said 
image bearing member is equal to or greater than 2><108 
[N/m2] and equal to or less than 9><109 [Nmz], and 
contact pressure betWeen said image bearing member 
and said transfer member in said contact portion is 
equal to or greater than 4.0><104 [N/m2] and equal to or 
less than 7.3><104 [N/mz]. 

2. An image forming apparatus according to claim 1, 
Wherein said image bearing member is a belt. 

3. An image forming apparatus according to claim 2, 
Wherein said belt is a single layer. 

4. An image forming apparatus according to claim 2, 
Wherein said image forming apparatus includes an opposing 
member opposed to said transfer member With said belt 
interposed therebetWeen, and Wherein said opposing mem 
ber supports said belt. 

5. An image forming apparatus according to claim 1, 
Wherein said image bearing member is an intermediate 
transferring member, and said transfer medium is a transfer 
material. 

6. An image forming apparatus according to claim 1, 
Wherein surface resistivity of said image bearing member is 
equal to or greater than 1><108 and equal to or less than 
1><1015 [Q]. 

7. An image forming apparatus according to claim 1, 
Wherein said image bearing member is a photosensitive 

Oct. 21, 2004 

member, and said transfer medium is an intermediate trans 
ferring member or a transfer material. 

8. An image forming apparatus comprising: 
an image bearing member bearing an image thereon; and 
a transfer member contacting With said image bearing 

portion in a contact portion; 

Wherein the image on said image bearing member is 
transferred to a transfer material in said contact portion 
by said transfer member, surface resistivity of said 
image bearing member is equal to or greater than 1><108 
[Q] and equal to or less than 1><1015 [Q], and contact 
pressure betWeen said image bearing member and said 
transfer member in said contact portion is equal to or 
greater4 than 4.0><104 and equal to or less than 
73x10 [N/mz]. 

9. An image forming apparatus according to claim 8, 
Wherein said image bearing member is a belt. 

10. An image forming apparatus according to claim 9, 
Wherein said belt is a single layer. 

11. An image forming apparatus according to claim 9, 
Wherein said image forming apparatus includes an opposing 
member opposed to said transfer member With said belt 
interposed therebetWeen, and Wherein said opposing mem 
ber supports said belt. 

12. An image forming apparatus according to claim 8, 
Wherein said image bearing member is an intermediate 
transferring member, and said transfer medium is a transfer 
material. 

13. An image forming apparatus according to claim 8, 
Wherein said image bearing member is a photosensitive 
member, and said transfer medium is an intermediate trans 
ferring member or a transfer material. 

* * * * * 


